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INTRODUCTION 
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Electromyostlmulatlon (EMS) Is a procedure In which electrirai 
currents are applied externally to a human with the in 5 
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be 0t ap^lled 1C and CCUP ^ t C * ly 
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strength must be gathered. ty ’ reassessment of the muscle 
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METHODS 


Suacle tUd g r"p3 haV i e „ ?Se S f lm ', ila ^ ng the foU! - »»J°r 

sequentially to allow i n/i’in h These muscles were stimulated 
about the knee «d ,„kl e T ,.'.'“. Cl8 t i° rce 0>»ntirie.tloi> 
Instrumented brace to allo'w thi «t m< » Q S muat , be restrained in an 
cramping. allow this measurement and preclude muscle 
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Signal Generation 


Sfflcult? Nearty 200 dlff^en'?”/ 0 ? 13 n0t P ai, tlcularly 

available and Hated .1th the m? None’ howeve?* .i'C';' 1111 ' 
m°re channei sequential operation at power levels that^e 1 ° r 

e shelf 8 channel unit of which 4 channels were used 
adjustable PU lrt width > * nd duration of the pulse wavetraln were 
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adJusted r °to 3 elicit *th * The , tude of each was Individually 

discomfort? C “ the najamum force " lthoilt '>n d '‘e «ubje« 
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Figure 1 — Stimulation Waveform 

isolation' 11 from poter 63 Un7s P ° Ke p,!the ‘° Pr °? de sarety and 

lsolfted m !lcnaT 1Pled rw° prov i de additional' Isolation?' 11 This 
monitor? 8 1 “ a3 then paaaed through a sequencer and current 

Sequencer/Current Monitor 

5* e^’oTtL applled Stimulation signal subsequently 

second. 1 off Z T' 1 ' SWips. The al S"al “ aa o? for 4 
occurred a rnmni? r * second at which time the switching 




Figure 2 - Sequencer/Current Monitor Block Diagram 

The sequencer also contains a current monitor circuit. It is 

Sul*" mopltop the current durl "S the actual time* or 
stimulation. An RMS current measurement does not give a 

nftf r fP resentatlon ot the effective current being 

delivered to the muscle. This current monitor read the voltage 

circuit a „«£ reCiSl0n 10 ohm resl3t er. A peak detector and hold 
necessary as the waveform took 3lx cycles to build ud 

fn,^ \ Ul val " e ' Thla peak voltage la held and acaled to 
Indicate current. 

Protocol 

Studies conducted thus far In our laboratory have employed EMS in 
o« f° 3l ' l ° n ?V In K , the «™t. muscle atrophy »aa Tnt/oducel tS 
f - h 3UbJect b y applying a fiberglass leg cast. This 
removable cast was worn continuously except during dally EMS 

rH M f< appUed for one »hUe the subject sat in 
a chair with hi3 leg restrained In an Instrumented brace. 

for S 3 e 0 CO davs tUdy qnh^^ UCed mu , sc1 / at ™Phy by bedrestlng subjects 

Subjects received stimulation on a schedule of 
three days on and one day off throughout the study. Since the 

to ^ thrbed%or P ih« , twi dlf H e r? nt bPa ? 6 WaS devel °P ed to be clamped 
co cne bed for the twice dally sessions. 

Force Quantification 

be t isornetMr im i 10blll ^K d ? he leg 30 that mu3cle contraction would 
e Isometric, l.e., the leg could not move. The leg was held in 

footplate 11 wifi oh The foot -as restrained w“h 2 

ankle 4 l,ld r °Pate about an axis In line with the 

ankle. A load cell was attached to the bottom of the footplate 

rin m< th^ Ur a for33s a PPlied during contraction of the calf muscles 

di?ectlonf W Ve 1 r e „ C „'; 10n 1 ) a " d , the an taelor tibialis (In the up 

w« allowed T fo l0 K er . leg ' and the assembly Just mentioned 

was allowed to pivot about an axis in line with the knee. 



contraction of 


t he ^uad p C S caused t0 thls asse "ibly. 
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EMS Chair Brace 



Supine Brace 


Figure 3 


Data Acquisition 


The current data was availahi* 

aa meaa, urement* cffili aha "«l from 

was also fpH tlvit y of l volt/100 ma m ho rip chart recorder 
computer. The a com Puter a/D card resta^f ana ^°S signal 

mlnSte-a tlml waa ca1 8 % 0f aach "Mole • a cujrlnt Z” ? Compa 1 
Generally, tnia IV * mYrnYry? 
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RESULTS 


The circuitry described was used during two studies. The 

prototype equipment was used for the seated EMS study Involving 
Four systems „ ere subsequently fabricated and used 
t-hP imf? U r the 5 'i nun p er of 1987 during a Bedrest study conducted at 
and stable*. * Center ln California. Operation was reliable 

The only problem encountered was that eventually all of the 

SU V, eC K t 1 3 W / re able t0 tQ l^ate the maximum level of 
stimulation available from the stimulator. A modification to the 

current 'Vronf 200 OUtput ! ta «® do ,' ibled the available output 

From 200 ma to approximately 400 ma. The application of 
this higher current elicited stronger muscle contractions. In 

ll^ft-lb SUbJect was able to crea te torques about the knee of 

® f H e advantages of using load cells was the ability to 
i and h m^ e them calibrated to National Bureau of 
data? d values. They were also stable and provide repeatable 


CONCLUSION 


i'n5ni S vi P rt POrt ^4.u 0 Principal Investigators pursuing the physiology 
Involved with electromyostimulation can be challenging and 

H»A ar ?K n 5*K quantification of EMS parameters In the detail 

or hhi b6 i d he i Pe 3eldom been accomplished. Absolute stability 
„ th M ^f 8 *!? the mea3u rement brace Is not possible, especially 
when higher forces are being developed. This leg movement caX 

hnaoA ®‘', rora r* 1 t A at the knee or ankle axis moves off from the 
?£ ad f axis. Considerable efforts are expended to preclude or at 

aor n roi nimlze this . It is, therefore. Important to assure 

repeatabi a ° f the . leg fr ° m day to day to *"bance 
► b l U i y . f measurements. Since comparison of pre and 

Wl V , *5 e made * relative changes are Important to 
the confirmation of the study hypothesis. 



4/2 



